In vitro, the Nalonee® preparation of nal oxone caused a concentration-dependent relaxation of human pial cortical arteries contracted by potassium, noradrenaline, serotonin, prostaglandin F2" (PGF2,,), and haemorrhagic cerebrospinal fluid, or inhibited contrac tions elicited by these agents. However, the preservatives in the Nalonee preparation, methyl-and propylparaben, had similar effects. Pure naloxone alone had no effect on
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The opiate receptor antagonist naloxone has been reported to reverse ischaemic neurological deficits in humans (Baskin and Hosobuchi, 1981) . The mechanism of this effect has not been clarified, and reports of the cerebrovascular actions of naloxone are contradictory. Naloxone may increase spinal cord blood flow and improve neurological function in cats subjected to standardized spinal cord inju ries (Faden et aI., 1980; Young et aI., 1981) . How ever, naloxone has no effect on cerebral blood flow or cerebral oxidative metabolism in dogs (Artru et aI., 1980) .
In the present study, we examined, the cerebro vascular effects of naloxone (Nalonee® = Narcan®) in vitro. In addition, the vascular effects of meth ylparaben and propylparaben, the preservatives in the Nalonee preparation of naloxone, have been de termined. Both substances are widely used preser vatives, and are added to injectible forms of several potassium or PGF2,,-induced contractions. It is suggested that the relaxant effects on vascular smooth muscle of Nalonee can be attributed to the alkylparabens rather than to naloxone. The pronounced relaxations induced by the alkylparabens had a rapid onset, and they were stable and could easily be cleared after rinsing. Key Words: Alkylparabens-Human pial arteries-Naloxone. 
MATERIALS AND METHODS
Pial arteries (-300-500 fl-m outer diameter in situ) were obtained from patients undergoing decompressive lobec tomy for subcortical glioma. The pial artery was taken from cortex that was not macroscopically infiltrated with tumour.
The vascular segments were placed in cooled Krebs Ringer solution, and within 10-15 min were mounted at 37°C in a 5-ml temperature-controlled organ bath con taining oxygenated Krebs-Ringer solution (Brandt et a1., 1981a) . The solution was continuously bubbled with 95% 02/5% CO2, resulting in a pH of 7.4. The pH of the bath medium was measured before and after addition of drugs, and this varied by no more than 0.02 units. Isometric tension was measured with a force transducer and re corded on a Grass polygraph. During an equilibration pe riod of -90 min, tension was adjusted until it stabilized at 5 mN. Following equilibration, the contractility of each vessel was ascertained by changing the Ringer solution to a so lution with a high potassium concentration (127 mM).
Contractions were induced by the following substances: noradrenaline (10-5 M), serotonin (10-5 M), and prosta glandin F2a (PGF2a) (10-5 M) or post-haemorrhagic ce rebrospinal fluid (CSF) (200 fLl to the organ bath). The CSF samples were obtained from a patient (10 days after subarachnoid haemorrhage from an aneurysm) who suf fered from severe cerebral ischaemia secondary to late cerebral vasospasm. Reproducible contractions by each of these contractile agents (variations < 10%) were re quired before any effect of Nalonee, pure naloxone, methylparaben, or propylparaben was tested. At max imum tension induced by any of the contractile agents, Nalonee, pure naloxone, or the alkylparabens were added cumulatively. The naloxone concentrations ranged from 10-6 to 10-4 M; the concentrations of methyl-and pro pylparaben corresponding to those of the opiate receptor antagonist in Nalonee were tested separately. Nalonee (Endo) had the following composition: naloxone hydro chloride, 0.4 mg/ml; methylparaben (4-hydroxybenzoic acid methyl ester, CgHg03), 1.8 mg/ml; propylparaben (4hydroxybenzoic acid propyl ester, ClOHI203), 0.2 mg/ml; and NaCI, 8.6 mg/m!.
The relaxant effects obtained were expressed as per cent of the maximum contraction. Control experiments were run in parallel without addition of Nalonee, nal oxone, or the alkylparabens.
In a separate series of experiments, Nalonee or the alkylparabens were added 10 min before contractions were induced.
RESULTS
Irrespective of how contraction had been in duced, Nalonee consistently caused a concentra tion-dependent vascular relaxation which was evi dent at a naloxone concentration of -5 x 10-6 M (Figs. 1 and 2) . Arteries contracted by noradrena line, serotonin, and PGF2a as well as CSF were completely relaxed at a naloxone concentration of 5 x 10-5 M. The half-maximal response (EC50) values were higher for potassium-contracted ar teries than for those contracted by PGF2a (Fig. 2,   left ). Complete relaxation could be obtained in all preparations.
Preincubation of the vessels with morphine 00-6-5 x 10-4 M), atropine (10-5 M), or indomethacin (10-6 M) did not modify the relaxant effects of Na lonee in any of the vascular preparations.
In corresponding experiments with methylpar aben and propylparaben, relaxant effects similar to those of Nalonee were obtained ( Figs. 1 and 2) .
Thus, PGF2a-induced contractions were inhibited by methylparaben in concentrations corresponding to naloxone at 10-6-5 x 10-5 M in the Nalonee prep aration. However, potassium-induced contractions were not completely relaxed (Fig. 2, right) . On a molar basis, methyl-and propylparaben were ap proximately equipotent.
The Nalonee-or alkylparaben-induced relaxa tions were reproducible and stable for more than 1 J Cereb Blood Flow Metabol, Vol. 3, No.3, 191<1 h. However, after brief rinsing of the preparations, tension could be immediately restored.
In human pial arteries, noradrenaline and sero tonin only occasionally induced pronounced and re producible contractions, and they were never stable.
Therefore, the relaxant effects on arteries con tracted by these amines could not be quantified.
Instead, the ability of Nalonee and the alkylpara bens to prevent contractions induced by the amines was studied. Nalonee as well as the alkylparabens completely prevented contractions induced by nor adrenaline and serotonin.
In 12 preparations from three patients, the pure naloxone compound had no effect on either potas sium-or PGF2a-induced contractions.
DISCUSSION
The present results show that Nalonee, but not naloxone, has a potent relaxant effect on human cerebral arteries in vitro. This effect is attributed to the presence of the preservatives methyl-and pro pylparaben. These agents displayed a potent re laxant effect, irrespective of the mode of vasocon striction. In this respect they show similarities to calcium antagonists such as nifedipine and nimo dipine (Brandt et aI., 1981a) , but there are also no table differences between the effects of these drugs.
Thus, the alkylparabens were less active in relaxing potassium-contracted vessels than they were in re laxing vessels contracted by PGF2,o whereas the opposite pattern was observed for the calcium an tagonists (Brandt et aI., 1981b) .
Furthermore, the effects of the alkylparabens were readily reversed after rinsing the organ bath, unlike the effects of the calcium antagonists, which per sisted for some hours despite repeated rinsing. As such a difference may reflect differences in physi cochemical properties (i.e., lipid solubility, etc.) be tween the alkylparabens and nifedipine/nimodipine, it is no proof of an alternative cellular mechanism.
The more pronounced relaxant effect of the al kylparabens on PGF2a-or amine-induced contrac tions, as compared to their effect on contractions induced by potassium, is similar to that seen with prostacyclin in vitro (Brandt et aI., 1981b) . The in vitro effects of both prostacyclin and the alkylpara bens are reversed rapidly after rinsing of the bath.
Various benzoate derivatives, including parahy droxy forms, do inhibit prostaglandin synthesis (Flower, 1974) , but the relaxant effects of the al kylparabens are probably not mediated by a change in vascular prostaglandin metabolism, since prein cubation of the vessels with indomethacin did not modify the responses.
The potent, stable, reproducible relaxant effects of the alkylparabens on vascular smooth muscle and their water solubility make them attractive experi mental tools. Their relaxant effects may reflect hy perpolarization of the vascular smooth cell, as hap pens in molluscan neurones, although the parahy droxy derivative is less effective than the ortho or meta forms (Levitan and Barker, 1972) . As the al kylparabens are present as preservatives in many injectible forms of vasoactive agents in concentra tions that by themselves cause relaxation, caution must be exercised when the results obtained with such preparations are evaluated.
